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X‐ray	 spectroscopy	 (EDS)	 in	TEM	showed	variations	 in	 the	 content	of	Si,	P,	 and	S	




pounds	were	 either	 scarce	 initially	 or	 lost	 due	 to	 percolating	 hydrothermal	 fluids.	
Dendrites	and	thicker	abiotic	filaments	from	a	nearby	chimney	were	composed	of	na‐
nometer‐sized	microcrystalline	iron	particles	and	silica	and	showed	Fe	growth	bands	
indicative	 of	 inorganic	 precipitation.	Our	 study	 suggests	 that	 the	 identification	of	
fossil	stalks	and	sheaths	of	Fe‐oxidizing	bacteria	in	hydrothermal	paleoenvironments	
may	not	 rely	on	 the	detection	of	organic	carbon	and	demonstrates	 that	abiogenic	

















2007),	 or	 possibly	 even	 earlier	 in	 the	 Earth's	 history	 (Dodd	 et	 al.,	
2017).	The	metabolic	byproducts	of	microbial	microaerophilic	Fe(II)	
oxidation	 are	 extracellular	 Fe(III)‐oxyhydroxide	 stalks,	 which	 are	
easily	recognizable	because	of	their	distinct	twisted	and	branching	
morphologies	 (Ghiorse,	 1984).	 The	morphological	 uniqueness	 and	
the	 direct	 connection	 between	 twisting	 and	 branching	 traits	 and	
fundamental	cell	behavior,	that	is,	motility	and	cell	division,	make	the	
extracellular	 stalks	 ideal	biosignatures	of	microbial	Fe	oxidation	 in	
the	rock	record	(Chan,	Fakra,	Emerson,	Fleming,	&	Edwards,	2011).	
As	the	stalk‐forming	Fe	oxidizers	are	highly	sensitive	to	O2 concen‐
trations	and	therefore	 require	a	strong	 redox	gradient	 for	growth,	
the	stalks	also	function	as	palaeo‐environmental	indicators	(Krepski,	
Emerson,	Hredzak‐Showalter,	Luther,	&	Chan,	2013).	Communities	
of	 Fe‐oxidizing	 bacteria	 produce	 organized	 microbial	 mats,	 which	
are	characterized	by	directional	 filamentous	textures	and	alternat‐
ing	 sparsely	 and	 strongly	mineralized	bands,	 reflecting	 the	 flux	 of	
key	 substrates	 and	 the	 prevailing	 hydrodynamic	 conditions	 (Chan,	
McAllister,	et	al.,	2016).









et	 al.,	 2009).	 These	 deposits	 may	 be	 similar	 to	 the	 sedimentary	
precursors	 of	 jaspers	 and	 iron	 formations,	 both	 with	 respect	 to	











ronments	over	 a	protracted	period	of	 geological	 time.	Other	 than	
twisted	morphology,	biosignatures	that	have	been	advanced	for	mi‐
croaerophilic	Fe‐oxidizing	bacteria	 in	the	rock	record	include:	con‐
stant	 filament	widths,	 narrow	width	 distributions,	 strong	 filament	
directionality,	 filament	direction	changes,	bending,	and	bifurcation	
(Chan	et	al.,	2011;	Hofmann,	Farmer,	Blanckenburg,	&	Fallick,	2008;	
Krepski	 et	 al.,	 2013).	However,	 the	morphologically	 and	 texturally	










ulate	 iron	 interiors	 (García‐Ruiz,	Nakouzi,	Kotopoulou,	Tamborrino,	






most	 segment	of	 the	Mohns	Ridge,	comprise	both	actively	 form‐
ing	 low‐temperature	 Fe‐oxyhydroxide	 deposits	 (Johannessen	 et	
al.,	2017;	Moeller	et	al.,	2014;	Pedersen,	Thorseth,	Nygård,	Lilley,	
&	Kelley,	 2010;	Vander	Roost,	 Thorseth,	&	Dahle,	 2017)	 and	 ex‐
tinct	 chimneys	 and	 mounds	 characterized	 by	 interlayered	 silica	
and	 siliceous	 Fe‐oxyhydroxides.	 Molecular	 work	 conducted	 on	
the	 active,	 low‐temperature	 portion	 of	 the	 JMVF	has	 revealed	 a	
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tents	 provides	 a	 unique	 opportunity	 to	 study	 early	 taphonomic	
processes	and	improve	the	understanding	of	how	extracellular	Fe‐















2  | MATERIAL S AND METHODS
2.1 | Geological setting and sampling
The	Troll	Wall	forms	the	northernmost	hydrothermal	field	within	
the	Jan	Mayen	Vent	Fields	and	is	located	at	71°N	and	6°W	along	
the	 southwestern	 segment	 of	 the	 ultraslow‐spreading	 Mohns	
Ridge	 in	 the	Norwegian‐Greenland	 Sea	 (Figure	 1a).	 Active	 vent‐
ing	 of	 270°C	 warm,	 white	 smoker‐type	 fluids	 takes	 place	 along	
the	 fault‐bounded	 margin	 of	 a	 rift	 that	 transects	 the	 axial	 vol‐






the	 crest	 of	 the	 axial	 volcanic	 ridge	 at	 a	 depth	 of	 ca.	 460	mbsl	
and	 hosts	 laminated	mounds	 and	 columnar	 chimneys	 composed	
of	 silica	 and	 Fe‐oxyhydroxides	 (Figure	 1b–e).	 These	mound	 and	







Sample	 fragments	 were	 embedded	 in	 epoxy,	 and	 thin	 sections	
were	prepared	 following	 standard	procedures.	The	 thin	 sections	




Areas	 with	 abundant	 filaments	 were	 selected	 for	 analysis	 of	
width	distribution	and	were	photographed	under	200X	magnifica‐







One	 optical	 photomicrograph	 of	 the	 Si‐Fe	mound	 sample	 and	
one	 image	of	 the	chimney	 sample	were	 selected	 for	directionality	





2.3 | Scanning electron microscopy (SEM)
Textures	 and	 detailed	 morphology	 of	 individual	 filaments	 were	
studied	using	a	Zeiss	Supra	55VP	Field	Emission	Scanning	Electron	
Microscope	 (FE‐SEM)	 at	 the	 University	 of	 Bergen.	 Prior	 to	 analy‐
sis,	 thin	sections	were	coated	with	C	using	an	Agar	Turbo	Carbon	
Coater.	Mound	and	chimney	 fragments	were	attached	 to	Al	 stubs	
and	 coated	 with	 Ir	 using	 a	 Gatan	 682	 Precision	 etching	 coating	
system.	 Thin	 sections	 were	 studied	 in	 backscatter	 electron	 (BSE)	
mode,	and	phases	were	identified	with	a	Thermo	Noran	Six	Energy	
Dispersive	Spectrometer	(EDS).	Analyses	were	performed	at	a	volt‐






2.4 | Focused ion beam‐transmission electron 
microscopy (FIB‐TEM)







sition)	were	 deposited	 on	 the	 surface	 of	 the	 selected	 area	 prior	
to	milling,	 and	 the	material	 on	 each	 side	 of	 the	 protective	 strip	
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was	performed	at	30	kV	acceleration	voltage,	while	the	final	thin‐
ning	was	performed	at	5	kV.
Transmission	 electron	 microscopy	 characterization	 was	 per‐
formed	with	a	double	Cs‐corrected	cold‐FEG	JEOL	ARM	200CF,	op‐
erated	at	200	kV	and	equipped	with	a	100	mm2	(0.98	sr	solid	angle)	
Centurio	 SDD	 for	 energy	 dispersive	 X‐ray	 spectroscopy	 (EDS).	 In	
order	 to	 remove	 surficial	 hydrocarbons	 from	 the	 samples,	 the	FIB	
foils	 were	 gently	 plasma	 cleaned	with	 a	 shielding	 holder	 in	 a	 gas	
mixture	of	75%	Ar	and	25%	O2	 for	30	s	prior	to	analysis.	Electron	




intensity	of	 each	 set	 of	maps.	 Images	were	 acquired	 in	 both	TEM	
and	STEM	modes.	Minimum	and	maximum	filament	diameters	were	
measured	using	the	ImageJ	software.







































The	 sample	 fragments	 from	 the	 Si‐Fe	 mounds	 showed	 irregular,	
nodular	geometry	and	displayed	clearly	defined	Si‐	and	Fe‐rich	lay‐
ers	(Figure	1d).	Each	layer	was	composed	of	a	series	of	microscopic	
laminae.	 Internal	 layers	 were	 primarily	 composed	 of	 fibrous	 silica	
with	 local	 bands	 of	massive	 silica.	 The	 outer	 parts	 of	 the	 sample	
fragments	consisted	of	laminated	Fe‐rich	precipitates	with	alternat‐





The	 chimney	 fragments	 were	 composed	 of	 consolidated,	 yet	 po‐
rous	material	and	lacked	systematic	layering	showing	an	apparently	









Optical	microscopy	and	BSE‐SEM	of	 thin	 sections	 from	 the	Si‐Fe‐
mounds	 revealed	 alternating	 Fe‐rich	 and	 silica‐rich	 laminae	 with	
complex	 filamentous	 and	 banded	 textures.	 Three	 main,	 morpho‐
logically	 distinct	 filament	 types	 were	 evident	 in	 Fe‐rich	 laminae	
(Figure	 2).	 These	 filament	 types	 were	 typically	 confined	 to	 sepa‐
rate	areas,	but	were	locally	found	to	co‐occur.	The	most	prevalent	
filamentous	 texture	comprised	clusters	of	 irregular,	 gently	curved,	
and	 branching	 filaments	 showing	 semi‐parallel	 or	 radiating	 orien‐
tation	over	lateral	distances	of	<2–3	mm	(Figure	2a).	The	filaments	









phology,	 but	 the	 filaments	were	 found	 to	 attach	 to	other	 straight	
filaments,	 constructing	 complex	 networks	 (Figure	 S1a).	 Irregular,	
curved	 filaments	 were	 commonly	 minor	 components	 in	 domains	
dominated	by	straight,	 randomly	oriented	 filaments,	while	 the	op‐
posite	association	was	less	frequently	observed.	Shorter	single	and	
multiple	 branching	 filaments	were	present	 along	with	 both	 the	 ir‐
regular	 and	 straight	 forms	 (Figure	2e),	 and	 their	 trunks	were	 typi‐
cally	attached	to	neighboring	filaments.	Fe‐rich	precipitates	lacking	





locally	 occurred	 as	 stacked,	 dome‐shaped	 structures	 (Figure	 S1b).	
Irregular,	curved,	and	branching	 filaments	were	visible	 in	 the	 least	
Fe‐rich	portions	of	the	bands.
SEM	 analysis	 of	 Fe‐rich	 sample	 fragments	 of	 the	 laminated	










bulbous	casts	 to	massive	domains	where	 filaments	were	 fully	em‐
bedded	in	silica	(see	Figure	2b).
Silica‐rich	 laminae	were	mainly	 composed	of	wide,	 straight	 sil‐
ica	 filaments,	which	were	 lacking	 Fe‐rich	 cores	 (Figure	 2g;	 Figure	
S4).	These	filaments	showed	strong	directionality	across	distances	
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remarkably	consistent	directionality	(Figure	4e).	Both	filaments	with	
solid	 and	 porous	 interiors	were	 evident.	 Botryoidal	 silica	 surfaces	


















3.26	 µm.	 Parallel,	 long	 silica	 filaments	 (Figure	 2g)	 were	 signifi‐
cantly	 wider	 than	 the	 two	 other	 forms,	 displaying	 diameters	 of	
4.34–22.22	µm,	with	a	median	value	of	10.71	µm.	The	maximum	
and	minimum	diameters	of	Fe‐rich	filament	cross	sections	 in	 the	




central	 regions	 were	 encrusted	 by	 silica	 casings.	 Total	 filament	
widths	including	silica	crusts	ranged	from	12.16	to	41.93	µm,	with	
a	median	of	24.25	µm.
The	 directionality	 of	 filaments	 in	 the	 laminated	 mound	 frag‐
ments	varied	between	laminae.	Poorly	ordered	textures	were	com‐
monly	 associated	 with	 narrow,	 straight	 filaments,	 and	 directional	
textures	were	observed	in	laminae	where	the	irregular	morphotype	
predominated.	 The	 image	 selected	 for	 analysis	 showed	 irregular,	
gently	 curved	 Fe	 filaments	with	 preferred	 orientation	 (Figure	 5c).	
This	particular	 image	was	chosen	 to	compare	aligned	 fabric	 in	 the	
mound	and	chimney	samples.	The	directionality	analysis	revealed	a	





3.4 | Internal ultrastructure and chemical 
composition
FIB‐TEM	of	selected	irregular	filaments	in	the	mound	samples	from	





innermost	 core	 regions	with	 high‐porosity	 central	 parts	 (Figure	 6,	
Figure	S7).	P	was	particularly	enriched	in	the	outer	part	of	the	core	in	
filaments	with	this	particular	ultrastructure.	The	concentric	laminae	










posed	of	 amorphous	 silica,	 but	displayed	 cores	with	disconnected	
voids	and	dispersed	globular	precipitates	composed	of	amorphous	
silica	 and	minor	 Fe	 (Figure	 8).	 Fe‐rich	 crystalline	 bands	were	 evi‐
dent	in	the	center	of	some	particles	(Figure	8d,e).	The	lattice	fringe	
spacing	 of	 the	 crystalline	 phase,	 determined	 from	 TEM	 images,	










4.1 | Fe‐oxyhydroxide filaments in laminated 
Si‐Fe mounds—testing the biogenicity of different 
morphotypes
Our	data	have	 revealed	 several	different	 filament	morphotypes	 in	
the	JMVF	mounds:	twisted	stalks,	straight	narrow	filaments,	short	
branching	 filaments,	 and	 thick	 parallel	 silica	 filaments.	 We	 now	
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discuss	which	 filament	morphotypes	 are	most	 likely	 biogenic	 and	
link	 surface	 and	 interior	 ultrastructure	 evident	 through	 combined	
SEM	and	FIB‐TEM	with	observations	of	the	filamentous	textures	by	
optical	microscopy.
The	 twisted	 stalk	 morphology	 is	 considered	 to	 be	 a	 diagnos‐














outlined	by	 the	distribution	of	 Fe	 in	BSE‐SEM	 (see	Figure	3h),	we	
infer	 that	 this	morphotype	 is	a	common	2D	expression	of	 twisted	
stalks.
The	widths	of	 fresh	extracellular	 stalks	of	Mariprofundus ferro‐
oxydans	are	reported	to	range	from	0.6	to	2.2	µm	(e.g.,	Krepski	et	
al.,	2013).	In	comparison,	the	median	width	of	the	irregularly	aligned	

















regular	 filaments	 (Figures	 2a	 and	 5c)	 show	 striking	 resemblance	
to	 assemblages	 of	 stalks	 produced	 by	Mariprofundus ferrooxydans 
grown	 in	 culture	 in	 a	 strong	 Fe(II)/O2	 gradient	 (c.f.,	 Krepski	 et	 al.,	
2013).	The	standard	deviation	of	the	Gaussian	fit	of	the	direction‐
ality	 analyses	 is	 around	 30°	 for	 both	 the	 Jan	Mayen	 filamentous	
texture	 and	 bands	 of	Mariprofundus ferrooxydans	 stalks,	 indicating	
clear	directional	 growth.	Krepski	et	 al.	 (2013)	 reported	directional	




ular	 stalks	 is	 localized.	Microbial	mats	 in	natural	hydrothermal	en‐
vironments	are	affected	by	shifting	flow	paths	and	changing	redox	





ment	 of	 aligned	 filaments	 to	 distinct	 domains.	 Complex	 dendritic	
and	radial	arrangements	of	 irregular	filaments	are	evident	 in	some	
of	the	mound	laminae	(Figure	3).	The	distribution	of	Fe	revealed	by	
BSE‐SEM	 (Figure	 3c–h)	 demonstrates	 that	 these	 textural	 features	
are	 composed	of	 silicified	 twisted	 stalks.	While	 some	Fe‐oxidizing	
species	 are	 known	 to	 form	 dendrite‐like	 extracellular	 structures	













The	 straight,	 narrow	 filament	 morphotype	 we	 identified	 by	
optical	 microscopy	 (Figure	 2c)	 differs	 from	 the	 twisted	 stalks	 of	
Mariprofundus ferrooxydans	by	its	lower	sinuosity	and	smoother	sur‐
face	topography	and	 is	morphologically	more	similar	 to	sheaths	of	
Fe‐oxidizing	 bacteria	 identified	 at	 other	 vent	 fields	 (e.g.,	 Emerson	
&	Moyer,	 2002;	 Fleming	 et	 al.,	 2013;	 Scott	 et	 al.,	 2015).	 Straight,	
hollow	tubes	reminiscent	of	extracellular	sheaths	of	marine	Fe‐ox‐
idizing	Zetaproteobacteria	and	freshwater	Leptothrix ochracea were 
also	identified	by	SEM	of	sample	fragments	(Figure	2d;	Figure	S1c).	
The	random	textures	associated	with	the	straight	morphology	po‐
tentially	 indicate	 that	 the	 sheath‐forming	 bacterium	easily	 locates	










































































Narrow, twisted filaments (n = 162)
Wide, parallel filaments (n = 118)

















Total filament width: Fe + silica (n = 287)
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fluorescent	 in	 situ	hybridization	 (Emerson,	 Scott,	 Leavitt,	 Fleming,	




adapted	 to	 the	 low	 O2	 concentrations	 prevailing	 at	 depth	 in	 the	










either	 implies	 that	 primary	 Fe‐oxyhydroxides	 were	 mobilized	 or	
obliterated	 through	 hydrothermal	 flow	 and	 silicification,	 or	 that	
Fe‐oxyhydroxide	 stalks	were	never	present	 in	 the	cores	of	 these	
tubes.	Mobilization	of	Fe	would	require	either	complete	Fe	reduc‐
tion	or	dissolution	by	 acidic	 fluids.	Both	 scenarios	 are	highly	un‐
likely,	as	the	Fe‐depleted	regions	are	confined	to	distinct	layers	of	























that	 the	 tubes	 are	 unrelated	 to	 microbial	 Fe	 oxidation.	 Instead,	









4.2 | Growth and early diagenetic evolution of 
biomineralized filaments
4.2.1 | Fe mineralization and adsorption





phous,	 siliceous	 Fe	 phase.	 The	 total	 lack	 of	 crystalline	 Fe	 phases	
contrasts	 with	 results	 obtained	 from	 cultures	 of	Gallionella ferru‐
gina and Mariprofundus ferrooxydans	 showing	 elongate	 akaganeite	


















ged	 inner	 surface	 and	elliptical	 outer	morphology	of	 the	FIB‐TEM	
cross	section	correspond	well	with	the	SEM	observations	of	branch‐
ing	tubes	(see	Figure	S3e,	f).








of	 P	 in	 the	 stalk	 cross	 sections	 from	 the	 JMVF	 suggests	 that	 P	
adsorption	 is	 a	 more	 significant	 process	 than	 co‐precipitation	
during	 stalk	 growth	 at	 this	 site.	 Phosphate	 can	 be	mobilized	 in	
low‐temperature	hydrothermal	 fluids	at	depth	as	a	 result	of	Fe‐
oxyhydroxide	 dissolution	 (Johannessen	 et	 al.,	 2017)	 promoted	
by	 microbial	 dissimilatory	 iron	 reduction	 (Jensen,	 Mortensen,	
Andersen,	 Rasmussen,	 &	 Jensen,	 1995)	 or	 chemical	 reduction	
by H2S	 under	 anoxic	 conditions	 (Afonso	&	 Stumm,	 1992;	Kraal,	
Slomp,	 Reed,	 Reichart,	&	Poulton,	 2012).	 Phosphate	 groups	 are	
efficiently	resorbed	by	fresh	Fe‐oxyhydroxide	particles	in	the	oxic	
zone	 near	 the	 sediment	 surface.	We	 postulate	 that	 progressive	
filling	of	sorption	sites	on	the	stalk	surface	immediately	following	
stalk	 growth	 could	 account	 for	 the	 elevated	 P	 content	 evident	
around	the	innermost	core	region.
Concentric	 Fe‐oxyhydroxide	 laminae	 of	 variable	 ultrastructure	
and	 chemical	 composition	 enclose	 the	 core	 region	 of	 the	 twisted	
stalks.	While	 the	 core	 is	 composed	 of	 homogeneous	 precipitates,	








that	 abiotic	 oxidation	 contributes	 considerably	 to	 Fe‐oxyhydrox‐
ide	precipitation	on	the	stalk	surface	over	time	(Byrne	et	al.,	2018;	
Krepski	et	al.,	2013).
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4.2.2 | Degradation of organic carbon template
Stalk‐forming	 Fe‐oxidizing	 bacteria	 produce	 polysaccharide	 tem‐
plates	 as	 a	 strategy	 to	 localize	 the	 deposition	 of	 Fe‐oxyhydrox‐
ides	and	avoid	cell	encrustation	(Chan	et	al.,	2011),	and	it	has	been	
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One	 of	 the	 studied	 stalks	 displays	 a	 clearly	 elevated	 C	 signal	






The	C	 enrichment	may	 either	 result	 from	 small‐scale	migration	 of	













4.3 | Biogenicity and growth of filaments and 
dendrites in the Si‐Fe chimney














(Figure	 5a,b).	 The	 diameter	 of	 extracellular	 stalks	 depends	 on	 the	
extent	 of	 surface	 mineralization	 and	 shows	 substantial	 variation	


























show	 branching	 patterns	 that	 are	 atypical	 for	 fabrics	 generated	
by	 stalk‐	 and	 tube‐forming	 Fe‐oxidizing	 bacteria	 (e.g.,	 Emerson	 &	
Moyer,	2010;	Johannessen	et	al.,	2017),	exhibiting	nodes	with	more	
than	 two	 branches	 and	 growth	 originating	 in	 a	 single	 nucleation	
point	 (Figure	S5c).	The	 lack	of	distinct	 sequential	bifurcation	does	
not,	 however,	 preclude	 a	 biogenic	 origin.	Microfossils	 assigned	 to	





with	 respect	 to	 their	 convex	 lamination	and	 radially	 arranged	 fila‐
mentous	components.	However,	Frutexites	generally	displays	colum‐
nar,	stubby	branches	that	may	increase	in	width	in	the	direction	of	
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While	 stalks	 were	 not	 detected	 in	 the	 chimney	 samples	 by	
SEM,	Fe‐rich	precipitates	with	globular	and	vermicular	morphol‐
ogy	were	observed.	Aggregates	of	globular	Fe‐oxyhydroxides	are	
generally	 assumed	 to	 form	 by	 abiotic	 oxidation	 (Boyd	 &	 Scott,	
2001),	but	the	associated	nest	and	tube	features	display	morpho‐
logical	 traits	 that	may	 be	 linked	 to	microbial	 activity.	 The	 fibril‐
lar,	rounded	nests	found	in	 low	abundance	in	the	JMVF	chimney	
(Figure	4g)	resemble	capsules	formed	by	freshwater	Fe	oxidizers	













4.3.2 | Potential abiogenic controls on 
filament growth
Based	 on	 filament	 width	 distribution,	 internal	 distributions	 of	 Fe,	
branching	 patterns,	 and	 morphological	 characteristics	 of	 Fe‐rich	
precipitates,	 we	 infer	 that	 stalk‐forming,	 Fe‐oxidizing	 bacteria	 do	
not	play	a	major	 role	 in	 facilitating	Fe	mineralization	 in	 the	hydro‐
thermal	 Si‐Fe	 chimneys.	 In	 the	 absence	 of	 obvious	 bio‐mediated	
mechanisms	 for	 filament	 growth,	 purely	 inorganic	 processes	must	
be	 considered.	 Areas	 with	 abundant	 multiple	 branching	 filaments	
and	dendrites	 commonly	display	 closely	 spaced	bands	of	decreas‐
ing	Fe	content	oriented	perpendicularly	to	the	branching	direction	
of	 the	 filaments	 (Figure	4b,c).	 Some	of	 the	bands	 that	 are	 located	




al.,	 2017),	 and	 oscillating	 reaction	 chemistry	 is	 known	 to	 produce	























that	 the	 upper	 temperature	 limit	 for	 growth	 of	M. ferrooxydans	 is	
~30°C	(Emerson	et	al.,	2007),	low‐temperature	hydrothermal	fluids	
must	have	sustained	initial	mound	formation.	A	shift	toward	higher‐














concentrations	of	silica	 in	 the	hydrothermal	 fluid,	 facilitating	 rapid	









4.5 | Evaluating filamentous biosignatures in 
Fe deposits
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(a) (b)Biosignatures of Fe-oxidizing bacteria Abiotic filamentous biomorphs


































perature	 hydrothermal	 environments	 and	 compares	 the	 resulting	
textural	and	ultrastructural	characteristics.	The	following	summary	
of	the	main	properties	of	filaments	and	textures	in	the	studied	JMVF	






















inception	 to	 termination,	 but	 the	 thickness	 may	 increase	 toward	
branching	points	and	decrease	abruptly	following	bifurcation	(Chan	
et	al.,	2011).	Our	 JMVF	work	 supports	 that	abiogenic	 filamentous	



























ing	 patterns	 characterized	 by	 bifurcation	 (Figure	 9a,	 3).	 Filaments	
with	single	branching	points	are	more	common	than	filaments	with	











microbial	 Fe	 oxidation	 should	 be	 considered	 a	 possible	 driver	 of	
dendrite	growth	in	ancient	Fe‐rich	environments.	Based	on	textural	
evidence	from	the	Si‐Fe	chimney,	we	caution	that	dendrite	forma‐
tion	may	 also	 be	 controlled	 by	 inorganic	 processes.	 The	 dendritic	
chemical	 precipitates	 are,	 however,	 composed	 of	 Fe‐bearing	 par‐
ticles	 rather	 than	 stalks	 (Figure	9b,	1)	 and	are	easily	distinguished	
from	 the	 dendritic	 stalk	 assemblages	 by	 their	 high	 silica	 content,	
multiple	wide	branches,	and	Fe	concentration	bands,	as	well	as	their	










with	 some	 notable	 differences	 with	 respect	 to	 microbial	 textures.	
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Abiogenic	 filamentous	 features	 can	 be	 distinguished	 from	 silicified	
extracellular	stalks	of	Fe‐oxidizing	bacteria	by	their	 larger	diameters,	
strongly	preferred	orientation,	intense	non‐bifurcating	branching	pat‐
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